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Abstract
The metabotropic glutamate receptor 6 (mGluR6 or GRM6) belongs to the class III of the metabotropic glutamate receptor
family. It is the only known mGluR that mediates direct synaptic transmission in the nervous system and is thought to
mediate the ON-response in the ON-pathway of the vertebrate retina. Phylogenetic and gene structure analysis indicated
that the zebrafish genome harbours two mglur6 paralogs, mglur6a and mglur6b. Besides expression in the inner nuclear
layer and distinct regions in the brain, both mglur6 paralogs are expressed in ganglion cells of the retina, an expression
pattern which can also be observed in the downstream effector molecules gnaoa and gnaob. This unexpected expression
pattern is consistent with immunohistological labeling using a peptide antibody specific for the mGluR6b paralog. These
expression patterns contradict the existing view that mGluR6 is solely located on ON-bipolar cells where it functions in
signal transmission. Consistent with expression in ON-bipolar cells, we report a decreased b-wave amplitude in the
electroretinogram after morpholino-based downregulation of mGluR6b, showing a function in the ON response. Our data
suggest more widespread functions of mGluR6 mediated signaling in the central nervous system, possibly including sign
reversing synapses in the inner retina.
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Introduction
Like in other parts of the central nervous system, glutamate is
known to be the major excitatory neurotransmitter in the
vertebrate retina. The main types of neurons in the retina that
use glutamate as a neurotransmitter are photoreceptors (rods and
cones), bipolar cells (ON and OFF types), and ganglion cells.
These cells form the vertical pathway to convey visual information
from the retina to the brain, specifically from photoreceptors via
bipolar cells to ganglion cells. Both rod and cone photoreceptors
tonically release glutamate in darkness. Upon light exposure they
hyperpolarize due to the closure of cation channels leading to a
light dependent reduction of glutamate release.
Already at the first visual synapse this signal is parceled into two
parallel streams of information: the ON-pathway that is activated
by an increase in light (decrease in glutamate) and the OFF-
pathway that in turn is activated by a decrease in light (increase in
glutamate). Consequently bipolar cells of these two pathways
express different glutamate receptors.
The OFF-response is mediated by non-NMDA (AMPA/
kainate) ionotropic glutamate receptors expressed on OFF-bipolar
cells [1]. This sign-conserving synaptic transmission functions
similar to many other excitatory synapses of the central nervous
system. In contrast, ON-bipolar cells mediate a sign-reversed
signal by being hyperpolarized by glutamate. The glutamate
analog 2-amino-4-phosphonobutyric acid (L-AP4 or APB), an
agonist to group III metabotropic glutamate receptors, was first
discovered as an agonist for ON-bipolar cells [2,3]. Intracellular
electrophysiological recordings demonstrated that APB selectively
blocks the light response of ON-bipolar cells in the mudpuppy [3]
and rabbit [4] retina, mimicking glutamate release in darkness.
Subsequent studies identified the metabotropic glutamate receptor
6 (mGluR6) as the receptor mediating the ON-response. In
mammals this receptor is exclusively expressed on the dendrites of
ON-bipolar cells [5], where it interacts with the effector G protein
Goa [6,7]. Consistently, genetic inactivation of mGluR6 in mice
blocks the ON-response [8]. In humans, mutations in the mGluR6
gene (GRM6) have been linked to congenital stationary night
blindness, characterized in the electroretinogram by the absence of
an ON response [9,10].
Upon glutamate binding, these APB-sensitive receptors close
cation channels, causing the cells to hyperpolarize [11]. Recently,
at least one of these channels has been identified as the transient
receptor potential channel M1 (TrpM1) [12,13,14].
In the present study we report the identification of two mglur6
paralogs in the zebrafish genome. The true identity of the two
mglur6 orthologs were confirmed by sequence alignment, genomic
structure, and phylogenetic analysis. Subsequent expression
studies identified mglur6 and gnao (the gene coding for Goa)
expression in the inner nuclear layer, and more surprisingly, strong
expression in ganglion cells in both, larval and adult retinas. We
confirmed this unexpected finding by immunohistochemistry using
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